A theory for the phenomena observed in Copper-Oxide based high temperature superconducting materials derives an elusive time-reversal and rotational symmetry breaking order parameter for the observed pseudogap phase ending at a quantum-critical point near the composition for the highest T c . An experiment is proposed to observe such a symmetry breaking. It is shown that Angle-resolved Photoemission yields a current density which is different for left and right circularly polarized photons. The magnitude of the effect and its momentum dependence is estimated. Barring the presence of domains of the predicted phase an asymmetry of about 0.1 is predicted at low temperatures in moderately underdoped samples.
I. INTRODUCTION
Despite twelve years of intesive experimental and theoretical studies of copper-oxide based superconducting compounds, [1] no consensus about the fundamental physics or even about the minimum necessary Hamiltonian to describe the phenomena has emerged. One of the few theoretical ideas which has clearly survived experimental tests is that at density
x ≈ x c near that for the maximum superconducting transition temperature, the normal state is a marginal Fermi-liquid (MFL) [2] . The MFL is characterized by a scale-invariant particle-hole fluctuation spectrum which is only very weakly momentum dependent. One of the predictions of MFL hypothesis is that the single-particle spectral function G(k, ω) has a nearly momentum-independent self-energy proportional to max(|ω|, T ). The frequency and temperature dependence as well as the momentum independence have been tested in angle-resolved photoemission experiments. [3] The observed non-Fermi-liquid behavior near x ≈ x c in resistivity, thermal conductivity, optical conductivity, Raman scattering, tunneling spectra, and the Cu nuclear relaxation rate follow from the MFL hypothesis. The scale-invariance of the MFL fluctuations implies that a quantum-critical-point (QCP) exists at x = x c , near the optimum composition. One expects that, in two or three dimensions, the QCP at T = 0 is the end-point of a phase of reduced symmetry as x is varied. Similarly a line of transitions or at least a cross-over is expected at a finite temperature T p (x) terminating at (x = x c , T = 0). Indeed the generic phase-diagram, Fig. (1) , of the copper-oxide compounds around x ≈ x c displays such a topology. Region I has MFL properties dominated by quantum-fluctuations, Region III displays properties characteristic of a Fermi-liquid, while Region III -the pseudo-gap region displays a loss of low-energy excitations compared to Region II. Below the line T p (x) between regions I and II, the single-particle spectrum displays lowered rotational symmetry, while no translational symmetry appears broken. The superconductivity region sits spanning the three-distinct normal state regions. A systematic theory [5, 6] starting with a general model for Cu-O compounds provides an answer to this question. The region (II) in Fig. (1) is derived to be a phase in which a four-fold pattern of current flows in the ground state in each unit cell as shown in Fig. (2) . where muons are known to sit preferentially. Perhaps, an additional perturbation such as an external magnetic field can be used to lower the symmetry at the sites preferred by muons.
In that case µ − SR could be used to search for the predicted phase.
I propose here a new kind of experiment, which is a microscopic analog of circular dichorism. The idea is that ARPES at a specific point near the Fermi-surface should have an electron yield which is different for right circularly polarized and left circularly polarized photons if the ground state has T-breaking of the form shown in Fig. (2) . Further the relative intensity should change in a systematic fashion with the momentum around the Fermi-surface. 
II. ARPES WITH POLARIZED PHOTONS
My object is to deduce the polarization and symmetry dependence of ARPES current and a rough estimate of its magnitude. For this purpose, a simple calculation using tight-binding wave-functions in the solid is sufficient.
Assume that a photon of energy ω shone on the crystal produces a free-electron with momentum p and energy E p at the detector due to absorption of the photon by an electronic state |k > inside the crystal of the crystal momentum k. The momentum of the photon is assumed very small compared to k and p. The current J p,k collected at the detector for uniform illumination over a given area is [8]
where f (ǫ k ) is the Fermi-function.
The primary contribution of the current is from the matrix element
where A is the vector potential of the incident photons and Ψ k (r) is the wave function of the state |k >. There is a smaller contribution due to the gradient of the potential at the surface which is briefly discussed at the end.
A. Wavefunctions
The creation operator for the tight-binding wavefunctions for the conduction band of Cu-O metals (assumed to be a two-dimensional metal) for the case that the difference in energy of the Cu-d x 2 −y 2 level ǫ d and the O-p x,y levels ǫ p is much less than their hybridization energy, and when the direct Oxygen-Oxygen hopping parameter t pp is set to zero are
where s x,y = sin k x,y a/2 and s . Spin labels have been suppressed.
kx,y are respectively the creation operators for the basis wave-functions
where
is the p x wavefunction at the oxygen site at R i + ax 2 , etc.
In the circulating current phase, the conduction band wave-function is modified to [9] 
In Eq. (5) θ 0 characterises the strength of the symmetry-breaking.
B. Matrix-elements and Current
In order to evaluate the matrix element, Eq. (2), I write
ψ d (|r|) and ψ pµ (|r|) are characterized by a fall-off distance a of the order of the atomic size.
Then
We need the (two-dimensional) momentum distribution of the wavefunctions in Eq. (2).
For this purpose define
Note that f In terms of these quantities, the matrix element in Eq. (2) is calculated. Consider the case of left and right circularly polarized photons with vector potentials A ℓ and A r respectively A ℓ,r = A (x ± iŷ) .
Then a straight forward calculation leads, to leading order in θ 0 to
where G = (G x , G y ) are the reciprocal vectors, and
In the above
In the usual experimental geometry, the contribution from each G is selected separately.
For a particular G, the current with polarization ℓ or r to first order in θ is
so the relative asymmetry of the current, In Ref. (6), θ 0 is estimated to be O(10
the asymmetry is predicted to be O(10
The proposed experiment is to measure the ARPES current in under-doped samples for a fixed relative geometry of the incident photon-beam, crystalline surface, and the detector to select a p and G and then simply switch the polarization of the incident photons, and measure the current again. The experiment should then be repeated for different p and G. 
